. Linear regression models between gene relative abundance and mean annual phosphate concentration data from the World Ocean Atlas. Figure S1 . Maximum likelihood tree of C-P lyase (PhnJ) protein sequences retrieved from the Ocean Microbial Reference Gene Catalog (OM-RGC). Bootstrap values are represented by the circle size and range from 70-100%. The tree scale represents number of substitutions per site. The tree also contains references sequences from NCBI and EggNOG. The protein accession numbers of PhnJ sequences retrieved from MAGs are indicated in parentheses in the corresponding tree leaf. For simplicity, nodes were collapsed and color coded to indicate the predominant taxonomic affiliation of the sequences therein. The Roman numeral assigned to each collapsed node clade name can be cross referenced with Fig. S2 describing the relative occurrence of C-P lyase in MAGs. The number of OM-RGC PhnJ sequences and Tara Oceans MAGs containing C-P lyase that clustered with each collapsed node are indicated in parenthesis (#OM-GC PhnJ, #MAGs with C-P lyase). A fully expanded tree is available through iTOL (https://itol.embl.de/tree/128171453402781538958972). Figure S2 . Taxon-specific enrichment of C-P lyase across depth zones and ocean regions. The heat map data presented was derived from mapping the raw reads of Tara Oceans metagenomes of the 0.22 micron sizefraction (Sunagawa et al., 2015) to metagenome-assembled genome (MAG) assemblies (Tully et al., 2018) containing C-P lyase. The analysis also included the genome assembly of Pelagibacterales sp. strain HTCC7211. The three panels (from left to right) correspond to metagenomes obtained from surface waters (5 m depth), the deep chlorophyll maximum (DCM), and the mesopelagic zone. The color scale bar indicates the average percentage of organisms possessing C-P lyase in each ocean region: Mediterranean Sea (MS), North Atlantic Ocean (NAO), Red Sea (RS), South Atlantic Ocean (SAO), Indian Ocean (IO), South Pacific Ocean (SPO), North Pacific Ocean (NPO), and Southern Ocean (SO). Note that the scale is in log 10 units. Grey tiles indicate the mean percentage was equal to zero or could not be calculated due to the absence of recruited reads. The mean percentage of organisms represented by each MAG possessing C-P lyase (where 100% equals one copy per cell) was calculated by normalizing the coverage of phnJ sequences by the mean coverage of 40 single-copy marker genes (Sunagawa et al., 2013) and was averaged over the metagenomes belonging to the same ocean region. The upper panel depicts histograms of the distribution of the mean percentage of organisms of each MAG that possess C-P lyase across all ocean regions grouped by the corresponding depth zones. The left panel describes the phylogenetic classification of MAGs, mostly within the Proteobacteria. The colored tiles with Roman numerals on the left of the name of each MAG correspond to the color scheme of collapsed nodes in the PhnJ phylogenetic tree in Fig. S1 . Blank spaces indicate that the corresponding MAG PhnJ sequence did not fall into a collapsed node in the tree. Figure S3 . C-P lyase pathway phn gene operons from representative Tara Oceans metagenome assembled-genomes (MAGs). The bacterial lineages represented are the Alphaproteobacteria SAR116 cluster and Rhodospirillaceae (Thalassospira sp. SAT28), the candidate phylum Marinimicrobia, and the Gammaproteobacteria clade of Oceanospirillaceae. The functions encoded by each gene (arrows) are indicated in different colors: membrane transport, light blue; regulation, red; catalysis of C-P bond cleavage, blue; downstream processing, yellow; accessory, brown and violet. The arrow length is proportional to gene sequence length. The GenBank accession of each MAG contig containing the C-P lyase pathway is indicated in parentheses. Abbreviations: AT, putative acetyl transferase; HP, hypothetical protein; PH, putative phosphohydrolase.
